The appeal of the coin toss that it is a simple, seemingly unbiased, method of deciding between 2 options. Although the outcome of a coin toss should be at even odds, the outcome may well not be. Historically, the toss of a coin before a duel reputedly decided which person had his back to the sun -an obvious advantage when taking aim! In medical trials, a simple statistical manipulation can have a dramatic effect on the treatment a patient receives. Our hypothesis is that with minimal training, the outcome of the toss can be weighted heavily to the call of the tosser, thus abolishing the 50:50 chance result that is expected and allowing for manipulation of an apparently random event.
Methods
We included 13 otolaryngology residents from the University of British Columbia who verbally consented to participate. We excluded any residents who had a hand injury that would prevent them from tossing a coin with their dom inant hand.
The participants were told about the purpose of the study several weeks before the trial. The investigators instructed the residents and demonstrated the toss. The residents were allowed to practise tossing the coin in a consistent manner for a couple of minutes. Each resident then performed 300 coin tosses in which they tried to achieve a heads result each time. The results were recorded by an observer to avoid the possibility of cheating. The 2 participants who achieved the greatest manipulation of the results (i.e., the highest proportion of heads) were given an incentive (i.e., $20 and $10 coffee vouchers). We felt that the use of an incentive would reproduce real-life situations.
Statistical analysis
Because our null hypothesis was that the coin-weighting was unbiased, we assumed that 50% of the tosses would result in heads. We used 2-sided binomial testing because we could not assume that if we were trying to increase the proportion of heads, we would not instead reduce this proportion. For a change of at least 10%, we calculated that 263 coin tosses per participant would be required to achieve 90% power to detect this difference with a significance level of 0.05.
We performed a comparison of proportions. The statistical calculations were performed on the basis of how many coin tosses an individual would have to perform to show a significant manipulation. Therefore, any participant who achieved this level would have a significant result. We did not use group statistics for this reason.
Results
Each of the 13 participants tossed a coin 300 times. All participants tried to achieve a heads result. Each participant successfully achieved more heads than tails results; this difference was statistically significant for 7 participants ( Table 1 ). The participant who was most successful at manipulating the outcome achieved a proportion of heads of 0.68 (95% confidence interval 0.62-0.73; p < 0.001).
Interpretation
This study shows that when participants are given simple instructions about how to manipulate the toss of a coin and only a few minutes to practise this technique, more than half can significantly manipulate the outcome. With devoted training, more participants would probably be able to achieve this figure, and the magnitude of the manipulation would probably be increased.
With respect to the use of a coin toss to randomly assign patients to a treatment in a clinical trial, our results could be considered clinically significant if only 1 participant in this study had achieved a nonrandom result. We have shown that a person tossing a coin may have the ability to manipulate the toss and significantly bias the results to their liking. Given that we would never know the manipulation skills or motivation of the person tossing the coin, this method seems unsuitable for randomization procedures in experiments in which bias needs to be minimized.
Research by Diaconis and colleagues 2 has suggested a dynamic bias to coin tosses. They suggest that, for natural flips, the chance of the coin landing as it started is about 0.51, with a number of assumptions or required conditions. Diaconis states that, for a fair toss, the coin must be caught in the palm of the hand and not allowed to land on a surface and bounce, because the latter often incorporates a degree of spinning on the coin's edge. Because catching a coin in one's palm and turning it onto the back of the opposite hand allows for manipulation with sleight of hand, the coin must be allowed to just land in the palm of the hand.
Diaconis and colleagues 2 assumed that when tossed, the uppermost side of the coin is known by the tosser (and caller). If this is not the case, the true 50:50 probability of the result prevails. But if it is known, the side of the coin that starts off face up is more likely to end that way up because that side spends more time facing up during the flight than does the opposite side. However, because of the large number of tosses required to detect this difference (shown to be 250 000 tosses), this apparent difference is generally irrelevant.
Coins have different raised profiles on each side. In theory, one side could be more weighted, thus making the coin toss unfair. This could be achieved by tampering with a coin. With the introduction of the Euro, Polish statisticians claimed that the 1 € coin (from Belgium), when spun on a surface, came up heads more often than tails. 3 This report resulted in a tongue-in-cheek warning in the British press to teams playing against Belgium in the forthcoming soccer World Cup. 4 Of 250 spins, 56% came up heads. However, independent statistical analysis showed that random variation could produce such scatter even with an unbiased coin given this number of spins (acceptable range 43.8%-56.2%). Other research suggests that even if a grossly weighted coin is used (1 side lead, the other balsa wood), no significant bias shows up. 3 The usual method of tossing a coin should not be taken for granted. Gary Kosnitzky, a Las Vegas magician adept in the art of coin magic, can reputedly manipulate coin tosses to give a predictable outcome by use of a method that gives the illusion of a spinning coin. When his coin "spins" in the air, it is not rotating about its axis but is instead fluttering or wobbling and not turning over. This gives the illusion of a normally spinning coin, yet gives a predictable result if caught in the palm of the hand. 5 Admittedly, this is probably an art more practised by the gambler than the researcher, but it serves as a reminder that an apparently fair situation can be manipulated.
The most compelling finding that raises concerns about the validity of the coin toss come from the use of mechanical coin flippers, which can be made to impart exactly the same initial conditions for every toss, namely the starting position, velocity and force. In these cases, the outcome can be highly, if not entirely, predictable. Coin tossing becomes physics rather than a random event. It is the human element that makes the process random in that each toss tends to be at a different speed, sent to a different height, launched at a different angle or caught in a different manner. Therefore, the possibility of practising the task to reduce these differing elements can be considered. If you try to toss the coin the same way each time, you should be able to make the outcome significantly different than 50:50.
A limitation of our study is the uncertainty about whether the individual results are repeatable. However, we conclude that the validity of using the toss of a coin to provide a random 50:50 outcome is thrown into doubt, both in medicine and every day life.
